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uMMARY A precipitinogen (designated ,: eta), which was undetectable in BCG
and the Ravenal strain of My cob"cteri""! bows, was detected in sonic extracts of

the H37Rv and I{37Ra strains of M. tuber CMlosis by agar. gel jinmunodiffusion.
Since precipitinogen , was very labile in cell extracts and crude preparations, re-
producible methods for preparing and detecting the precipitinogen , were inves-
tigated. Two conditions were found necessary for a stable preparation: (1) de-
ferration of all materials to which 77 precipitinogen was exposed throughout pro-
CGdures and (2) use of phosphate buffer of over pH 7.5 and over 0.07 M for solubiliz-
ing ,. Two methods were effective and useful for purification of precipintiogen 77 :
(1) Salting-out using defer rated ammonium sulfate (3540y, saturation) and (2) gel
permeation chromatography on Sephadex G-200 or Bio-gel P-300 that had been
thoroughly washed with chelating agents. The purified , prepared by a combi-
nation of these two methods, retained activity on storage in the frozen state for
sevcral years or on incubation at 40 C for 30 min. A system was developed for
detection and identification of 17 using stable, purified 77 as a reference. , Precipi-
tinogen was heat-labile (60 C for 10 min), and behaved as an acidic protein with
a molecular weight of 230,000~260,000 daltons.

INTRODUCTION

TaxonoilTical differentiation of My cob@cteri""I
I Part of this \\, on< \\, as presented at the XXIVth

\\10nd Conference of the International Union

Against Tuberculosis (Brussels) on September 6,
1978

2 This work received financial support from the
\\'orld Health Organization

3 Died on ALigust 29,1976.

tuber CM!OSis (M. tbc) from M. boors by various
biochemical methods, including the niacin test
(K. rin. , 1956; Runy. n at a1,1959) and "e-
duction of nitrate (Virtanen, 1960; Wayne and
Doubek, 1968; ESCoto and de Kantor, 1978)
was established in the last 10 years, But no
blochemical reaction unique to M. tbc species



is known (Kubica, 1973 ; Runyon at a1. , 1974;
Barksdale, 1977). Moreover, no blochemical or
antigenic character of A1. tbc, that is specifically
associated with its difference in pathogenicity
for various hosts has yet been found, although
Boyden and Sorkin pointed out this fact more
than 20 y, ^rs ,g, (B. yd"n and S. "kin, 1956).
In antigenic analyses, M. tbc has generally been
considered to share all known antigens with
M. 6001's, although M. 16c and M. boors are
clearly distinct from other species of my co-
barterin (Wits'n, 1925 ; Lind, 1978). F". in jin-
inunochemical analyses, Stanford and Grange
(1974) allocated M. tbc, M. boar's, M. iru'crot!
and M. 41n'canw?" to a single serological species
corresponding to the tuber CUIous group in the
taxonomy of mycobacteria. " Species-specific "
has been used to describe the antigens shared
with the tuber CUIous group but not with other
species of mycobacteria. So-called " specific "
antigens of M. tbc, defined by precipitinogen
or the tuberculin activity reported by Fauser
(1969) and Dani, I at a1. (1976, 1978, 1979),
were actually common to M. bows BCG
" Specific " antigens prepared from M. tbc

also reported by Seibert and Soto-
figuer. ^ (1957), 1<ni. ker and inBorne (1964),
Stanford and Beck (1968), Stottmeier et al
(1969), M, ult. n at a1. (1972), Bardan^ at al.
(1973), Stanford and G"ang. (1974), Tu"cott
(1975) and Nans"u and Nthtrop (1976) wh,
did not test their relation to BCG antigens.
On the other hand, Chaparas (1975) concluded
that Do antigens unique for M. tbc were found
from comparative studies on the antigens of
12 species of mycobacteria using a M. tbc re-
ference system (Janicki et a1. , 1971). However,
Turcott and Boulanger (1971) demonstrated
antigens specific to virulent strains of M. tbc
and M. bow^, and not detectable in respective
an irulent strains. These antigens differed from
each other suggesting the presence of strain-
specific antigens.

For survey and identification of particular
antigens in various preparations, two dimen-
sional jinmunodif}usion matricesin porous

(Ouchterl, ny, 1948 ; AXEl^, n, 1973) is th. in, st

suitable of the various serological methods
available. For this method, the precipitating
antigens should be obtained in a soluble and
diffusible form, and should be in a sufficiently
native form to retain jinmunogenic activity to
induce the antibodies that are indispensable
for the method. However, with mycobacteri-
al preparations, very variable antigenic, and
therefore antibody, compositions are obtained,
as shown, for instance, by the difference be-
tween lot 001 and 002 antisera obtained with

the same reference antigen preparation of M.
tb, by Chapar"^ at a1. (1978b). For us. in
survey of antigenic characteristics, antisera
must contain antibodies against particular an-
tigens. Therefore, we tested various methods
for preparing antigen solutions from culture
filtrates and cells of strains of M. tbc obtained

under various cultural conditions in various

media, and then prepared rabbit antisera a-
gainst these antigen preparations. Fortunately
one of the antisera formed a precipitation band
characteristic of the H37Ra extract (Fig. I)
that did not fuse with any bands formed by
BCG and Ravenel extracts. We designated
this band formed using this particular anti-
serum, vieta), according to H in H37Ra of
human tubercule bacilli (M. Ibc) to avoid con-
fusion with overlapping ,r, ,, A etc. antigens
so far reported (Yoneda and Fukui, 1965 ;
Norlin and ETnevad, 1966)

Our observations that all extracts of A1. tbc

formed the 71 band against the antiserum de-
scribed above, but that the , activity disap-
peared on storage with concomitant aggrega-
tion, suggested that , precipitinogen was very
labile in crude extracts. These findings raised
the following questions: (1) Is a specific an-
tig, n(^) of M. it act, ally pre^. nt; (2) it co,
is the antigen(s) single or inutiple? Since ,
activity in crude extracts was lost in a few days,
we could not identify a specific band as , even
when patterns of the bands in different ex-
perlments were similar (Fig. I).

To confirm these findings, we assumed that
there is only one specific antigen that is de-
tectable in 111. tbc extracts but not in BCG

were

2 BIKEN JOURNAL V01.25 No. I 1982



extracts, and performed the following experi-
monts ^ (1) \V. 100k. d for ^ reprod, .Ibl, sy^-
tern for preparing and detecting , precipi-
tin. g, n. (11) \V" prep"red , pu"mad , pre-
cipitinogen stable enough to be stored for use

antigen of , precipitinogen.as a reference

(111) \\!e confirmed the presence of specific
antigen of A1. tbc using the purified reference
antigen. This paper reports these studies.

AllATERIALS AND A, IETHODS

I . Bncter!h/ slym',, s

Biken substrains of My cribncterii, 111 t!, her '11/03t's
H37Rv and H37Ra strain, Bil<en substrains of M
bobis BCG (from the National Institute of Health,
Tokyo), and the Ravenel strain were LISed. Strain
BCG was Lised as a reference strain of M. bouts for

the detection of , precipitinogen

2. Prepm'at ion of ", Intre, 15

For preparation of BCG reference antigens or
starting ntaterials for. purification of , precipi-
tinogen, organisms \\. CTe grown by the following
procedure: Cells (wet weight, about 1.5 g) grown
for 2 weeks at 37 C on glycerine-broth potato
(Rosentha1,1937) were transferred to a 500 inI shal<ing
Haslt containing 100 inI of the medium described by
Yoneda at all. (1969). After inctibation for 4 days
at 220 rpn\ on a rotatory shaker at 37 C, 10 inI
allquots of the cultLirc \\, ere in DCulated into 100 inI
volumes of medium \\. ithout Tween 80 and beads,
and shul<en for 2 \\, Eeks under the same conditions as

before. Cells \\, erc harvested by centrifugatioi. tind
stored in a deep-freezer. Frozen cells \\, ere tl, awed
and suspended in ai, appropriate bLifTerin a volume of
about three times tltat of the cells. The cell suspen-
sion (100 inI) was sonicated at 20 kc, 60 w (Branson
sonifier" cell disruptor 200) three times (each 10
min) with 10 min intervals In a vessel immersed in

an ice-water batl\ to the tip of the sonicator. The
dispersion of biohazadous aerosol was prevented by
connecting one end of rubber tube to a stainless
steel tube inserted into the rubber stopper for the
vessel, and the other end to an in-line type filter
(+7 mm, SM 13606 membrane filter, Sartorius), to
release the air pressure in the closed vessel at the
beginning of sonication. The sonicate was centri-
ftiged twice at 100,000 x " at 4 C for I h to precipi-
tate the particulate fractions, and then the clear part

of the super natant was filtered through membrane
filter (pore size, 0.2 11) and used as crude antigen
preparation (sonic extract).

3 . Meinbrtt"e Intels

The membrane filters tested for recovery of ,
precipitinogen on sterilization or ultrafiltration of
the bacterial extracts, were as follows : HA 0.45 11
and 0.22 It made of mixed esters of cellulose, EH
0.5 " and EG 0.2 A made of cellulose acetate, BD
0.6 A made of polyvinyl chloride, NR 1.0 11 of nylon
membrane (Duralon) of Ajillipore filters (Millipore
Corporation, Bradgord, A{ass. ); SM 113060.45 11
and SM 113070.2 " made of cellulose nitrate,
Sri{ 11/06 0.45 " and SM 11/07 0.2 11 made of
cellulose acetate and SIV1 128060.45 " made of
polyvinyl chloride of Satrtorius membrane filters
(Srirtorius CmH, Goettingcn)

4. Prepnrn!,'o11 of niltise, a

Rabbits were injected intramLiscularly with 10,
20 and 40 ing protein per rabbit of the sonic extract
of the H37Rv or H37Ra strain in complete Freund
adjuvant (heat-killed and dried cells of hornologous
strains, respectively, \\, CTe Lised), or with 200 I, g
protein per rabbit of purified 17 precipitinogcn in
incomplete FTCund adjuvant. Two weeks after
primary injections of 5, 10 and 20 ing or 100 11g,
two booster Injections one week apart were given
(25.5 and 10 ing protein of crude preparation or
50 itg protein of purified preparation). Rabbits were
bled I weel< after the last injections. Antisera were
partially purified after 4-fold dilution with 0.05 M
Na K phosphate buffered saline, pH 7.8. The
superantant obtained by precipitation with 30% of
saturation of ammonium sulfate at O C overnight
and by centrifugation at 12,000 rpm for 20 min,
was treated with dSAS at 25 C (as described
in section 11). The precipitate was dissolved in
a quarter \, o1ume of the original antiserum, and
dialyzed against buffered saline (0.02 M defer rated
phusph"to buffer, 0.1 M of N"C1 (99.99% of pu-
Tity), 0.02 M Na acetate and 0.1 % Na azide)

5. Meds"yewe"t Diprotei, , conte"t

During the purification procedure, the protein
contents of fractions precipitated with 5 % trich-
10roacetic acid, were measured by the method of
Low"y at a1. (1951) us modified by Hatrt"ee (1972)
or by the micro-bluret reaction (Itzhaki and Gill,
1964) or from the absorbance at 280 rim

HiRAi, T. at al. antigen 17 specific for M. 111berci, 1031's 3



6. Agri, and agrirose

Special noble agar, Purified agar (Difco), Agarose
A37 (Nakarai Chemicals, Ltd. , 1<yoto), Agarose I,
H and 111 (Dojindo Co. , Ltd. , Kumamoto) and
Agarose (Seakem Biochem. ) were tested in Ouch-
terlony's double diffusion method. In the estab-
lished system, Agarose A-37 were employed for
Ouchterony's method and irumunoelectrophoresis.

7. Inn"1,710e/ect, ON^ores, 's a, ,d 20Ne elect, ophores, 's

Twice concentrated electrode buffers (ionic
strength, 0.1) were defer rated by the hydroxyl-
apatite method described in Section 10. Crossed
or crossed-rocket-line jinmunoelectrophoresis was
carried out on " deferrated " agarose gel of 1.0 mm
thicl<ness on 7 XIO cnT glass plates as described by
Kr@11 (1973) with a slight modification, at room
temperatLire at a constant voltage of 10 V per cm
overnight. After the run, the gels were stained
with 0.01% nigrosin (Chroma-Gesellschaft Schneid
& Co. , Stuttgart-Untertuerkheim) in 2% acetic acid
and destained in 2% acetic acid.

Zone electrophoresis
method of Katsura at a1. (1957).

filter (Sartorius, cellulose nitrate; 0.45 11 and
0.2 11 pore size at the top and bottom, respec-
tively). The concentration of buffer in the
filtrate was adjusted with distilled water after
determining the phosphate concentration by
the method of Baginski (1967) or by measuring
electro-conductivity. The deferrated 0.5 M
phosphate buffer, pH 7.7, thus obtained was
stored at room temperature as a concentrated
stock solution after distribution In I liter an-

qouts and autoclaving at 120 C for 30 min.

10. Preparation of of<Ier, '@ted agar
For stabilization and reproducible produc-

tion of the 17 precipitation band, the agar used
for jinmunodifTusion or jinmunoelectrophoresis
was defer rated as follows : For Ouchterlony's
double diffusion agar techniques, Agarose A-
37 was dissolved at 0,87, in 0.12 M NaCl and
filtered through a GFF glass fiber filter
(Whatman). The filtrate was mixed with Ca
acetate (final2 inM), Na acetate (final 10 inM)
and defer rated Na phosphate buffer (final
20 inM), and incubated at 80 C for 30 min
with mixing with a magnetic stirrer. Then it
was adj usted with distilled water to the same
weight as before incubation and filtered by
suction through a GFF filter. The defer rated
agar was mixed with NaN, (final 0.1%) as
preservative and EDTA 3Na salt (final I inM),
and 4 inI portions were spread on glass slides
(76 x 36 mm), solidified, and stored at 4 C in
a moist chamber. wells for antigens or an-
tisera were punched out just before use. For
jinmunoelectrophoresis, 2.4% agarose or LTG
agarose (Marine Colloids, Inc. )in distilled water
was treated in the same way as described above
except that 0.5 g of Hydroxyl Apatite (Sei-
kagaku 1<0gyo, Tokyo) per 100 inI solution
was added instead of forming calcium phos-
phate gel, and the agar gel was stored in tubes.
Before use, the agar was diluted to 1.0 or 0.8%
with an appropriate buffer containing antigen
or antiserum. The defer ration of the agar was
checked qualitativeIy with o-phenanthroline
and ascorbic acid.

8. Est, }, rat, 'o12 of IMO/eci, !"r areig/it

Molecular weight was estimated by gel permea-
tion chromatography through Sephadex G-200 and
Sephacryl S-300 (Pharmacia Fine Chemicals) by
the method of Andre\v (1964) Lising HM\\I cali-
bration 1<its for molecular weight determination
(Pharmacia Fine Chemicals).

was performed by the

9. PI. epnrfttio, ! of " of</errated " phosphate
barley

" Defer rated " heavy metal-free phosphate
buffer was prepared as follows : 0.3 g of
Ca(OH), powder suspended in 5 inI of dis-
tilled water was dissolved by adding 2 in I of
H, P0, 001, ti. n (85%). Thi^ coldum ph. ^-
phate solution was added to I liter of 0.6 M
NaH, PO, and then the pH was adjusted
to 7.9 with 307. (WjV) N, OH 001uti. n.
The mixture was boiled for 15 min in acid-

cleaned Coming glassware or a stainless steel
vessel, and then filtered while still hot through
filter paper (Whatman No. 40, ash-free or
Toyo No. 7). The filtrate was cooled and
reintered through a double layer membrane

4 BIKEN JOURNAL V01.25 No. I 1982



I I. Defer, @tin" of saturated amino"farm s"\'@te
sol"tz'0"

To saturated ammonium sulfate solution

("bont Sliters) were add^d 20~30 inI of am-
monium solution at just below the boiling
point. After incubation for 15 min, the solu-
tion was filtered 3 times repeatedly through
the same sheet of filter paper (Whatman No.
40). Then the solution was cooled, and ad-
justed to pH 7.8 with concentrated H So
solution and to a specific gravity of 1,245
(dSAS).

12. Fretre"tme"t of matrices for commit ch, 0-
matogr@phy or go"e elect, opho, esis

All matrices were washed with hot (80 C
for chromatography and 55 C for starch) 0.1 M
phosphate buffer prepared as described above
containing I inM EDTA and 0.2 inM ethyl-
enediamine-di-0-hydroxyphenylacetic acid

(EDDHA; Dojin Chemical Institute, Kuma-
inoto) under deaerated conditions by stirring
with a magnetic stirrer overnight. This treat-
merit was repeated until no colorization of
EDDHA was observed. Then each matrix

was washed and equilibrated with the buffer
required for the subsequent experiment. The
materials tested for column chromatography
of , precipitinogen under conditions pre-
venting , from inactivation were as follows :
Anion exchangers DEAE-Sephadex (Phar-
macia Fine Chemicals), DEAE-, TEAE-, AE-,
GE-, ECTEORA-cellulose (Seikagaku 1<0gyo,
Tokyo) ; cation exchangers-CM-, P-cellulose
(Seikag"ku 1<, gyo, Tokyo), SP-Soyhade^
(Pharmacia Fine Chemicals) ; gel permeation
manners-CFC (Whatman), Bio-gel P300
(Bio-Rad Laboratories), Phenyl-Sephadex
(Pharmacia Fine Chemicals), Hydroxyl Apatite
(Seikag"ku K. gy, , T. ky, ).

RESULTS

I. Appear@"ce of a precjpz'tatio" bamd $pecjjic
for softt'c extracts of M. tuberCUIosz's, 62, t not of
M. boois BCG, on amin""oof\"sio" plates

Figure I shows the jinmunodiffusion pat-
te"n produ. ed by ^ cell extract ((SEIRa)) of
M. tbc H37Ra strain and its hornologous an-
tiserum ([A-Ra]) using a BCG cell extract
((SEIBCG)) us " reference antigen for M. 600, ',.
Bath ^^trust^ ((SEIR") and (SEIBCG)) form^d
many overlapping precipitation bands against
the antiserum and these fused with each other,
demonstrating the presence of many antigens
common to both species. However, one pre-
cipitation band that clearly extended straightly
toward th^ wall^ of (SEIBCG) w^^ .b^^rv^d
hatw^, n (SEIR^) and th^ anti^er"in (Fig. I).
Similar results were obtained with strains

H37Rv using BCG or Ravenel extracts.

2. Deterin2ndtio" of optz'mai condz'tio"s for pre-
poring , act, be sonic ext?@ct$ a"d for sterz'Jig@
tzo" of ext, @cts

However, under the conditions employed in
the initial stage of this study, band , could not

13. Nth"e, ic@I treatment of data

Data processing and calculations in the variance
analyses of factorial analyses of experimental design
were performed with a coinputor (Olivetti P652
system) programmed by its assembler.

SEIBCG'

(SEIRa)

FIGURE I. lintnunodifTusion patterns of sonic ex-
tracts of M. tarbe, CUIosis strain H37Ra ((SEIRa)) and
of M. boor^ strain BCG ((SEIBCG)) against anti-
H37Ra extract serum ([A. Ra]). The arrow indi-
cates the , band. Samples of 10 A1 of sonic ex-
tracts (5 ing protein per inI) were put in antigen
wells.

(SEIBCG)

A-Ra

HiRAi, T. at al. Antige, , , specific for M. tuberCMlosis



be detected reproducibly: The , activity was trate membrane filters (Millipore filter HA
often very unstable in sonic extracts. More- and CS type, 0.45 11 and 0.22 12 of respective
over, results sometimes depended upon the pore size), the 11 kinds of membrane described
lots of gel used for jinmunodifTusion. So, we in the Materials and Methods, were tested.
tried to find out (1) the optimal conditions for Only Millipore membrane filters made of cel-
preparing sonic extracts and (2) conditions Iulose acetate permitted , precipitinogen to
required for reproducible detection of the 17 pass through freely at 4 C when defer rated
band by agar gel diffusion. phosphate buffer was used for preparing the

extracts as described below. Sartorius cel-Since we observed that sonic extracts of M.

Iulose acetate membranes partially absorbedtbc cells did not form an , band after steriliza-
, precipitinogen. Other membranes retainedtion by filtration through usual cellulose ni-

TABLE I. Summmy of results of factor, 'a! analyst's on constt'INe"is of the biffer for preparing ,
antigen

Expt
No

2

3

4

5

6

7

8

Buffer

(0.05 M)

Tris-Cl

Tris-Cl

Tris-Cl

Tris-Cl

P04

'04

PO,

PO,

it NaCl or 1<Cl was added at the concentration indicated

" +, visible ; +F clearly visible precipitation band, -, no precipitation band of I,

TABLE 2. Summary results o" factorial nitn/ys, 's o1 the Ingredients of the phosphate 646"e, ' 101'
preparing , antage?I

Factors arranged

Total salt
concentration"

(M)

0.05

0.2

0.05

02

O. 05

0.2

0.05

0.2

pH

70

7.0

8.0

8.0

7.0

7.0

8.0

8.0

Expt
No

2

3

4

5

6

7

8

Metal
cation

pH

Factors arranged

Concentration

(M)

0.1

0.1

0.2

0.2

0.1

01

0.2

0.2

7.5

7.5

7.5

7.5

8.0

8.0

8.0

80

,-Activity" in
dialysed sonic

extracts

1<

it The cation indicated under cati'on was used to dissolve EDTA-4H

Na

1<

Na

Na

1<

6 BIKEN JOURNAL V01.25 No. I 1982

Cation

+

Na

1<

Na

1<

Na

1<

Na

K

EDTA"

a inM)

+}

A-Mercapte-
ethanol

a inM)

+

+

+

"-Activity in
dialysed

sonic

extracts

+

+

+

+

+

+

+r

+

+F



the 17 precipitinogen specifically and almost
completely.

Then, we made factorial analyses of buffer
conditions to determine favorable and un-

favorable factors. The effects of the following
factors were tested ; (1) the kind of buffer salt
(T, I^-Cl or N, , 1<-PO, ) Go th, pH, (ill) th.
total concentration of salt (iv) the kind of metal
cation, (v) chelating agents, (vi) SH-reducing
agents and (vii) antiseptics. These factors
were set of two levels and arranged in the L8
(27) orthogonal array table of experimental
nestgn d"*."Ib, d by T^gushi (1964). T, bl. ^ I
and 2 show the results of two representative
examples of experiments. Conclusions were
deduced by variance analyses (Cochran and
Coy, 1957; T, gushi, 1964) On which O w"^
titan us (_), I us (+) and 2 us (+E)), alter' all
results from the experiments designed by or-
thogonal arrangements of factors had been col-
Iected and rearranged for each factor.

Eight Visking tubes containing 2 in I of
H37Ra sonic extracts with 0.1 M phosphate
buffer (pH 7.8) unre duly, d th, ", ughly at
4 C against the 8 buffers of different coin-
positions shown in Table I and 2, and then
each dialyzed extract was examined for re-
SIdual , activity. Variance analyses showed
that a higher pH than 7.5 and higher salt con-
centration than 0.1 M was critical for stabi-

11zing the , activitity. Another experiment
showed that a concentration of 0.07 M of

phosphate buffer' (pH 7.7) was the lowest POS-
SIble for retaining 17 activity at 4 C.

The apparently favorable effect of EDTA
was confirmed as follows : When heavy metal
salts (Mg acetate, Ca acetate, and ferric am-
monium citrate) were added to a final con-
centration of I inM to freshly prepared cell
extracts, a precipitate appeared in all cases but
only the super natant with the fernc iron salt
lost , activity completely. Therefore, we in-
vestigated methods to remove iron as coin-
PIetely as possible with activated calcium
phosphate gel or chelating agent, as described
in the Materials and Methods. Precise an-

alyses showed that 0.1 M " deferrated " Na

(or 1<) phusphat, buffer, pH 7.7 (7.6~7.8),
containing I inM EDTA, 0.5 inM EDDHA
and 0.02 M N, nestat. (., dad dPB-EDD),
was suitable for preparing M. tbc sonic ex-
tracts retaining , activity for at least 2 weeks
at 0~4 C after filtration through an EG type
membrane filter. (Phosphate buffer dPB-ED
is dPB-EDD without EDDHA. )

3 Conditions 101' detect, }Ig 1:1 preciriih"oge"
yeprod"ci'bb, by agar gel diff"$10"

In factorial analyses of conditions required
for detecting I^ precipitinogen on jinmuno-
diffusion, the following four factors were ex-
amined: (1) the nature of the gel (2 kinds of
agar and 5 kinds of agarose), (ii) the concen-
tration of gel, (Iii) the media for the gel and
(Iv) the temperature of incubation (4 C, 20 C
25 C and 37 C). Results showed that for. jin-
in unodifTusion of 17 precipitinogen in sonic ex-
tracts gel prepared by the method described in
the Materials and Methods was essential and

that incubation of the gel at 4 C overnight
and then at 25 C for I day was necessary to
obtain a sharp distinct , band reproducibly.

4. Amino"rum sulfate fractional10" of H37Ra
cell extrrrct

Assuming that other factors contributing to
the lability of , precipitinogen were some sub-
stances co- extracted from the cells that formed

agglutinates with ay, we tried to purify 17 pre-
cipitinogen for the stable preparation as re-
forence antigen for. long term use. The opti-
in al range of ammonium sulfate saturation for
selective precipitation of , precipitinogen was
determined as follows. Samples of 2 in I of
H37Ra extract, diluted with dPB-ED to give
1.0 ing protein per inI were treated with dSAS
(pH 7.7), at 30,35.40,45.50,60 and 707,
saturation, respectively, (Fig. 2) and left over-
night at 4 C. The super natants obtained by
centrifugation at 4 C at 10,000 xg for 30 min,
were then treated with dSAS at 707, satura-
tion. The precipitates were dissolved in I in}
of dPB-ED, dialyzed overnight and examined
for 77 precipitinogen by jinmunodiffusion.

HiRAi, T. at al. alit, ken , specific fop' M. t, ,berc, '10sis 7
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FIGURE 2. Distribution of , activity in ammonium
sulfate fractions of H37Ra extracts. Bincl< col-

urnn, 17 precipitinogen positive; grey column, trace
amount of 17 precipitinogen ; white column, no "
precipitinogen activity

o

5. Gel intrntio" of the din"10"rum sulfate
17acti'o71 (35/07, of SAS fraction) throwg/,
Sephade" G-200

Figure 3A shows the elution profile of 280
rim absorbance of the ammonium sulfate

haori. n (3540% dSAS finch, n) of H37R,
extracts, on Sephadex G-200. 17 Activity in
(Fig. 3) w"^ datumined by th, min. -in, di-
thati. n by C", w1, (1958) of Ou. hterl, ny'^
Immunodif}usion.

To obtain a highly purified preparation of
17 precipitinogen, fractions showing , activity
obtained in several experiments were pooled,
concentrated by ultrafiltration and Techro-
matographed.

Figure 3B shows the elution profile on re-
permeation chromatography of the , precipi-
tinogen fractions (Zone N in Fig. 3A). On
rechromatography, the 17 precipitinogen pre-
paration gave a single protein peak with a
slight tail. The 17 precipitinogen activity
almost coincided with the protein peal< (Fig
3B). We used this Techromatographed pre-
paration as purified 17 precipitinogen in furthei'
experiments.

The following experiment was made to de-
termine the exact eluting position of 17 pre-
cipitinogen and the degree of its resolution
from other antigens. Fractions (No. 46-61
in Fig. 3A) Gluted from the column, including
, precipitinogen and its neighbouring fractions,
were pooled, concentrated by ultrafiltration in
a collodion bag, and subjected to repermeation
chromatography through a Sephadex G-200
column (Fig. 4A). Tire , pre. ipitin, g, n in
each fraction of eluate was arranged quantita-
tively by rocket-line jinmunoelectrophoresis
using purified 17 precipitinogen for the Inter-
madiat* gal (Fig. 4B). Th, re^urn ^h. wad
that the 17 preparation purified by the above
method contained several other antigens whose
peaks overlapped , fractions (Fig. 4B).

6. Other 7nethods tested/o1 further furyicati'off
of , preciriitifroge"

Many antigenic substances still remained in
the purified , preparation obtained by the

Figure 2 shows that most of ;I precipitinogen
precipitated at a saturation of more than 4070 ,
but not at a saturation of less than 3570.

Therefore H37Ra cell extracts were frac-

tionated twice as follows : First, extracts at
I~2 rug proteinjml were fractionated by pre-
cipitation with 409'0 saturation of the super-
natant at 337, saturation of dSAS. Second,
the super natant obtained by treatment with
3570 saturation of the first , fraction a ing
proteinlml solution in dPB-ED) was dialysed
in a Visking tube against 4270 saturated dSAS
at 4 C to give final saturation of 4070.

The partially purified , precipitinogen thus
,bt, mad (3540y, dSAS haori. n) mus sinbl,
at 4 C in the form of a precipitate at a satui. a-
tion of dSAS of more than 40%. But in solu-
tion it had to be dialyzed rapidly at 4 C against
dPB-ED buffer and purified further within
one week to avoid loss of activity.

8 BIKEN JOURNAL V01. 25 No. I 1982
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FIGURE 3. Gel permeation chromatography through a " deformted " Sepha-
dox G-200 column with dPB-ED buffer as eluant at 4 C: of the (A) am-
monium sulfate fraction (35-40% satLiration) of H37Ra sonic extracts (column,
5 cm' x 90 cm ; sample, 6.0 inI containing 60 ing protein ; fraction size, 4.1 inI;
flow rate, 10 in11h, upward), and (B) fractions corresponding to the proximal
two thirds of the peal< of , precipitinogen activity, shown as " N " zone in
(Fig. 3A), were pooled, concentrated and rechromatogrnphed (column, 1.63 cm'
X92 cm; sample, 1.3 inI colttaining 4.3 ing protein; fraction size, 1.5 inI;
flow rate, 3 in11h). V, I, Void volume: V, ., total\, o1ume
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100

above methods, as shown in Fig. 4 by the
limited resolution achieved in these methods.

Since even some lots of purified '10st activity,
other purification methods were tested under
conditions that permitted retention of , ac-
tivity.

Figure 5 shows the zone-electrophoretic
pattern of the ammonium sulfate fraction 35-
407, dSAS finch. n) of , f", in st"^in H37R".

30

110

+ 4- -I- + I-

VT

40 50

Fraction number

On zone-electrophoresis, the 17 precipitinogen
moved to the anode. However, the sections
containing , precipitinogen also contained
other antigens, scarcely any of which could be
separated even by gel permeation chromato-
graphy.

The anion exchangers tested, DEAE-,
TEAE-, AE-, GE- and ECTEOLA-cellulose
and DEAE-Sephadex bound , precipitinogen

HiRAi, T. at al. Antigen " specific for M. titherc, ,/OSis 9
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FIGURE 4. (A) Rechromatography on Sephadex G-200; of zone " W " in
(Fig. 3A) of the Sephadex fractions (column, 1.52 cm'x80.5 cm; sample, 20
ing protein in 1.3 inI; fraction size, 1.5 inI; flow rate, 2.3 in11h, upward).
Vo, Void volume; Vr, total volume. (B) Rocket-line jinmunoelectrophore-
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extracts from H37Ra and from H37Rv (Rv of M. t"here"10sis and from BCG
(BCG) and Ravenel strain (Ravenel) of M. hoofs. Antibody gel, [Anti-Ra],
containing the gammaglobulin fraction of rabbit antiserum against H37Ra
extracts. Intermediate gel, (17), containing purified , precipitinogen (20 Ag
per in I). The bar indicates I cm length. The arrow indicates the precipita-
tion line of , precipitinogen by line jinmunoelectrophoresis.

irreversibly, even at such a high ionic strength
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7. Character12@tt'0" of 17 prec, ^itznOge"
The elution volume (Kav) of , precipi-

tinogen on Sephadex G-200 column chromato-
grephy w"^ derermined us 0.23 (Fig. 4A), by
locating the peak of , precipitinogen activity
exactly by rocket-line jinmunoelectrophoretic
assay (Fig. 4B). The molecular weight of ,
precipitinogen was estimated as 230,000~
260,000 daltons from the 1< av and elution
positions of protein marks as described in the
Materials and Methods.

Since ay precipitinogen was firmly adsorbed
to polyacrylamide gel, conventional polyacry-
jamide gel electrophoresis was not applicable.
In the presence of sodium dodecyl sulfate
(SDS), precipitinogen lost its antigenic ac-
tivity irreversibly. Therefore, although we
observed several protein bands on SDS-gel
electrophoresis, we could not determine which
was that of the , precipitinogen, and so could
not determine the molecular weight by this
methods.

The purified i7 precipitinogen preparation

( n)

+

,SEI) LA~l (SEI,

FIGURE 6. jinmunodiffusion pattern of purified ,
precipitinogen against rabbit anti-H37Ra extract
re"urn ([A-Ra]) using BCG .xt, ". t ((SEIBCG)) as
a reference antigen preparation containing no ,
precipitinogen. ((ay)), purified preparation of ,?
precipitinogen (10 F1 of antigen solution containing
20 11g protein per inI. ).

obtained by a combination of repeated am-
monium sulfate fraction ation and gel perme-
ation chromatography through a specially pre-
treated Sephadex G-200 column, formed es-
sentially a single precipitation band against
anti-crude H37Ra extract serum (Fig. 6),
though it still gave several precipitation arcs
by more sensitive methods such as crossed jin-
inunoelectrophoresis (Fig. 7A). The arc of
, precipitinogen could be identified by crossed-
rocket-line jinmunoelectrophoresis (Fig. 7B).
These two methods (Fig. 7A, 7B), also
showed that the , precipitinogen had a nega-
tive charge. The electrophoretic mobility of
, precipitinogen relative to that of the tracking
dye (brom, phennl blu. ) was 0.60 (Fig. 7).

In sharp contrast to the , precipitinogen ac-
tivity in crude sonic extracts, that of the pun-
fled preparation was stable : The 77 activity
was not lost on incubation at 40 C for 30 min

but was lost on heating at 60C for loinin
(Fig. 8), or in the fro". n state (at -20 C) for
several years'

From the results of rocket-line jinmuno-

electrophoresis in Fig. 4B, the purity of the ,
preparation was estimated as more than 60

HiRAi, T. at al. Antigen v $@ecjjic for M. tribe, CUIosis
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FIGURE 8. Immunodiffusion pattern demonstrating that , precipitinogen
in the purified preparation was stable at 40 C for 30 min, but labile on
heating at 60 C for 10 min. tAVI, antiserum against purified ay precipi-
tinogen; (7), purified preparation of antigen , (100 Ag protein per inI); (v
40 C 10 min), (, 40 C 30 min), (, 60 C 10 min), and (, 80 C 10 min),
samples of , heated at various temperatures for the time indicated.

DISCUSSION

IA^I

BCG

We jinmunized many rabbits with various an-
tigen preparations of M. tbc, and fortunately
obtained a particular antiserum with which we
could find a very labile, unique precipitinogen
(which w^ nam. d "). We then punty this
precipitinogen in a stable form. The repro-
ducible preparation of cell extracts retaining ,
activity and of purified, stable ay precipitinogen
described in this paper, enabled us to prepare
reproducibly anti-" antisera. Using these pre-
cipitinogen preparations and antisera, we con-
firmed our initial finding that there is at least
one soluble precipitinogen in M. tbc strain
H37Ra and H37Rv that is undetectable in
M. bows strain BCG and Ravenel.

In the early stage of this study, this , pre-
cipitinogen was very labile in crude extracts
and gave inconsistent results on jinmunodif-
fusion. Moreover, production of anti-:7 an-
tibody in rabbits was very variable, even with
a single extract containing the precipitinogen.

(n I^^11

BCG)

This reflects the fact that antigens that are de-
tectable using antiserum, a product of a living
being in response to antigens, are only some
of various elements involved in the system for
preparing and detecting antigens. These e!e-
merits in the antigen-detecting system for my-
cobacteria have never been systematically an-
alyzed. The system that we developed in this
study by focusing on one unique, single pre-
cipitinogen :? is composed of the following
eleme"ts: (Italic letters indicate newly inves-
tigated or specifically selected methods iridis-
pensable in the detecting system) (A), Pre-
paration of sonic extracts for precipitinogen ;
(A1) M. tb, H37Ra and H37R, and M. 600, ',
BCG and Ravenel, (A2) culture methods,
media and culture age ; cells harvested of tar 2
weeks of sh@king cult", e and growth Qin glycerin-
broth-potato, (A3) collection of pathogenic cells
by centrifugation and storage @t -20 C or
- 70 C, (A4) extraction of antigens from cells ;
prevention of biohazard from aerosol and co-
o1ing during sonication of cells ; complete fin-

HiRAi, T. at al. Anti:g. e" 17 specific for M. tuberculosis



me1310" of the alessels ,171d tip of the $011icdtor I"
a" I'ce-"ater bath of MyI'Mg soni'cation, (A5) frac-
tionation of the extracts ; centrifugation (final
100,000 xg for 2 by and f/t, "I'm Ih, ""gh "
mein bin"e filter of cellulose dcet@te or regenerated
cellarlose type for removing remaining cells,
(A6) storage of the extracts at O C~I C lit
the "tyroze" state, (A7) preparation of buffer
for extracting the precipitinogen ; of 41errati'o11 of
pho$ph@Ie bi!fief and Its adj'r'st"lent to riboue
pH 7.6 a"of a conce"trail'0" of pyrore thn" 0.07 M
and additi'0" of che/@ti'"g age"is In acetate, (B),
Detection of the , precipitinogen band; (BS)
prep@intr'o71 of deferrated agar, (B9) preparation
of antisera; Freund's complete adjuvant using
a hornologous strain, (BIO) temperature foi
Incubation of the reaction gel; I'Mitih/ litcwbdti'on
at I C at least otier"light, (Bll) fused-cross or
rocket-line jinmunoelectrophoresis ; prepdrati'on
of agar a, Id electrode 624ff'er, and stable r<Iere"ce
antigen of ,; (C) Purification of 11 precipi-
tinogen for reference antigen ; (C12) purlfica-
tion by salting-out with ammonium sulfate ;
of del'rano?, of satwrnted animo"I'M, ,I sw!fate sol"-
110" and lyricti'0"all'0" at 35-40% sat"Idti'0",
(C13) gel permeation chromatography ; filethod
of redshi"g I""t, ., ces

The antigenic composition of preparations
from cells and culture filtrates ITave been coin-

pantd by S. Ibert (1950), Canalnu, ,, (1964),
Dani. I at a1. (1975), and land*i .t a1. (1976),
who conclude that there was no remarkable

difference in the antigenic composition of the
two kinds of preparation. In the case of I^,
we observed difference in the amounts of 17
precipitinogen in the two kinds of preparations
depending on the mediunT employed. We
used cells in shaking culture for extraction of
, precipitinogen, since cells giown by surface
culture on Sauton's nTediunT did not show any
, activity but had many other antigenic activi-
ties, whereas culture filtrates of both shaking
and surface cultures showed , activity when
highly concentrated (about 200-fold concen-
tration in a collodion bag) : The reference 77
band curved slightly to the antigen wells of
test materials. This indicates that most of

the , precipitinogen is localized in or on the
organisms, and that suitable media and meth-

ods of culture should be selected for preparing
'7 precipitinogen

There have been many reports on the effect
of cultures on their antigenic composition
(Magnusson at a1. , 1964; Dardas at a1. , 1968;
Tu"cott, 1969; Jani. ki at a1,1976). N. re-
markable influence was observed. But 17 ac-
tivity in extracts of cells from old cultures was
lower than that from cells of young cultures
and was lost more rapidly (within a few days
even if prepared under optimal conditions).
Turcott (1972) pointed out the influence of
the culture age on the chemical composition
of the culture. His results suggested that the
early phase of culture was favorable for pre-
paring protein antigens as certain polysac-
charides or lipopolysaccharidies Increased in
old cultures. So the low 77 activity and its
rapid loss in extracts from old cultures may be
due to precipitation of ;7 by some co- aggluti-
nating factors that accumulate in old cultures.

The selective PCrmeation of 17 precipitinogen
through cellulose acetate and regenerated cel-
Iulose types of membrane filters suggests the
presence of a hydrophobic area in , piecipi-
tinogen in phosphate buffer, since these two
types of membrane ale more hydrophilic than
the other types of membrane filters tested.
But addition of a detergent, Tween 80, N040
or SDS, rapidly Inactivated 77 in sonic extracts,
possibly due to Impuritics in the detergcnts
andlor conformational change of the I^ ino-
ICCule.

The high pH of the buffer required may
act (1) in solubilizing 17, which is a large, par-
hally hydroph, bi. p". rein in, 1,001", and (2)
in accelerating heavy metal chelation by re-
agents. The amount of precipitate appearing
in sonic extracts immediately after lowering
the pH to below 7.5 was much larger than the
estimated amount of ,. Therefore, the most
likely aggregating factors were materials co-
extracted with i7 precipitinogen and heavy
metals. Polycations, low PI{ and low ionic
strength may have unfavorable effects on ac-
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tivity by causing formation of aggregates in-
cluding , precipitinogen.

No apparent difference was observed be-
tween the effects of Tris and phosphate buffer
on 77 activity in the experiments described in
I and 2. However, wheiT Tris buffer was
used for extraction, the , activity of the ex-
tract was less than when phosphate buffer was
used and the activity was lost within a few
days. Possible reasons why phosphate buffer
is more suitable than Tris buffer are as follows :

(1) Ph, ^phat. ha^ ^ larger' b"ff. "ing .ff. .t than
Tris buffer and, unlike Tris, its buffering effect
increases with decrease in pH below pH 7.8.
This character of phosphate buffer may be
favorable in preventing decrease in pH of
sonic extracts, which generally occures during
disintegration of the cells, because , precipi-
tm. gun I^ uust, bl. b. I. w pH 7.5. (2) Ph, ^-
phate ion Ina^ act as a polyanion against acidic
protein, inhibiting colloidal hetero-coaggluti-
nation. (3) 17 Precipitinogen in^, be an en-
"yin, of ph. ^phat. mat"b. ham. (4) A high
concentration of phosphate may prevent ,
from Inactivating witlT he a^, metals. (5)
Defer ration of Tris buffer was less complete
than that of phosphate buffer.

Loss of 11 activity by SH reagents may be
due to (1) lowering of pH of the cell extracts,
(2) activation of SH-protease, (3) masking or
altering 77 antigenic sites, or conformational
changes of I protein by rcgional opening of
S-S bonds, (4) conformational changes by
actions on protein-Cys-S, which might be
present in the Iron binding site of ,, as iron-
binding protein, as in ferredoxin

The effect of iron on , activity may be spe-
chic or possibly be that of a polycation causing
co- agglutination. Allycobactin T, if related
to i7, may serve to form , antigenic sites by
binding to a component of I^ and iron may
liberate my cobactin from , precipitinogen,
resulting in loss of 77 activity.

Though , antigen can now be prepared re-
producibly from cells by the system described
above (A group), the , activity in crude sonic
extracts can not be retained for nlore than 2

weeks even in the unfrozen state (at 0~4 C).
\\'ith regard to technical factors affecting

the appearance of precipitin reactions in agar,
Janicki at a1. (1973) reported differences in
patterns on Grabar's type jinmunoelectro-
phDresis, but they did not test differences in
various lots of agar product and in its con-
taminants. Their results may be explained
by, differences in electrosmosis mainly due to
sulfonic radicals of agar.

As preservatives, inerthiolate (0.01%) and
phenol (017, ) were unfavorable for , activity
Organic nTercury in the former and the hydro-
phobic character of the latter may have un-
favorable effects. Azide, which ITas metal
chelating activity, had a less unfavorable effect
On 17 activity.

The incubation temperature of reaction in
agar (4 C) required in the , detecting system
resulted in the appearance not only of a repro-
ducible I^ band, but also of other precipitinogen
bands that were well separated from each other.

At an early stage of this study, Ouchter-
10ny's double jinmunodifTusion method was
used for identifying precipitation bands. But,
when a stable, purified preparation of 17 pre-
cipitinogen was obtained, rocket-line jinmuno-
electrophoresis could be applied. For high
resolution and simultaneous identification of

multiple antigens of thermolabile antigens,
Chap",, s'^ in. din. ati. n (1978, ) of fus, d-
rocket jinmunoelectrophoresis is very useful.
Rocket-line jinmunoelectrophoresis (Kr@11,
1973) can also be used to determine the a-
mounts of individual antigens, if the antigen
under Investigation is relatively thermostable.
The latter method could be used with the

purified preparation of , precipitinogen de-
scribed above, which is stable at 40 C for
30 min. If a method can be devised for ap-
piication of antigens to intermediate gel at
lower temperature (e. g. , 4 C), rocket-line ele-
ctrophoresis will be more useful in quantita-
tive studies of the ofantigen compositions
various preparations.

The zone (35-40%)in which , precipitinogen
was precipitated by dSAS was similar to that

HiRAi, T. at al. antike" , specific for M. tuber'11/03i's 15



of gamma-globulin. Like the latter, 77 precipi-
tinogen requires a high pH and high concentra-
tion of salt. We found that gamma-globulin
of rabbit antisera was precipitated at 3040g, ',
saturation of dSAS at O C after dilution with

phosphate buffer (the Materials and Methods)
though gamma-globulin is generally precipi-
tated at 30% saturation of ammonium sulfate
at room temperature. Thus, " precipitinogen,
molecular weight 230,000 ~260,000 daltons,
behaves like gamma-globulin.

Among the numerous reports on my cobac-
terial antigens, that of Youmans and You mans
(1964) itemerized similar difficulties in pre-
paring jinmunogenic factors to those described
above. They pointed out that the following
factors influence the lability of their prepara-
tion ; culture age, temperature for preparing
the antigen, detergent, hydrogen-ion concen-
tration, storage by lyophilization or freezing,
dialysis against distilled water, and metal ions,
though they could not find suitable conditions.
The conditions that Inactivated their jinmuno-

genic factors resemble in activating the 17 pre-
cipitinogen. However, it is unlikely that our
preparation of , precipitinogen contained their
jinmunogenic factors, since their particulate
jinmunogenic factors, it present, were removed
from sonicated preparation by ultracentrifu-
gation. On the other hand, their jinmuno-
genic factors may have contained , precipi-
tinogen in a form bound to their particulate
fraction, since under the conditions they de-
scribed , precipitinogen, it present in the
crude extracts, would have been precipitated
in the particulate fraction.

Ouchterl. ny at a1. (1968) "inpha^had that
even I f a crude preparation containing several
antigens is used as test material for classifica-
tion of mycobacteria, the antigenic coinposi-
tion will be revealed by the precipitation pat-
tern, provided that a proper polyvalent serum
is employed. As we showed above, the pro-
CGdures for preparation of precipitinogens that
are native and stable enough for producing
a proper polyvalent antiserum and are soluble
or diffusible in gel for the precipitation re-

action, are the most important for reproducible
analysis of antigenic composition. Our system
using defer rated-buffer of high ionic strength
for cell extraction is in fact very different from,
for example, the US-Japan reference system
(Janicki at a1. , 1971). The latter system differs
in the following points (the codes of items
described above are shown for comparison) ;
Janicki at al. used culture filtrates (A2), bar-
vested from 8 week cultures ages (A2), steri-
Iization with a cellulose nitrate membrane

filter (A5), dialysis against distilled water (A7),
Iy, phili"atI, n (A6), 0.97, codium chl. "id,
with no buffering action to solubilize the
Iyophilized antigen (A7), and removal of in-
soluble material by reintration through a mein-
brane filter (A5). Owing to the electroviscous
effect of the solution of low Ionic strength
employed in the reference system, most large
molecular weight antigens would be rapidly
Inactivated during the preparation. Actually,
Minden and Farr, and 1<nicker and Lanigan
(Myc. barterinI Antig. n Work^h, p, 1972) sug-
gested that antibodies against certain antigens
were not present in US-Japan reference an-
tisera. Therefore, it is unlikely that , pre-
cipitinogen and its antibody are present, and
the , precipitinogen band may have been de-
tested in the US-Japan reference system,
though final conclusion must await further
study using 17 precipitinogen and its antibody.
The system of Lind (1960) could not demon-
trate any difference between M. tbc and M.
bot!is BCG. The antiserum of Roberts et al.

(1972) may contain anti-, antibody, because
as the antigen preparation of M. tbc for iru-
inunization, they used the ' ' 15,000 xg", which
would contain 17 precipitinogen in an agglu-
tinated form under their conditions for pre-
paring cell extracts.

Though it is not certain whether our system
for preparing and detecting , covers all an-
tigens that have been detected by other sys-
terns, still this system may be better for de-
tecting protein antigens than the conventional
US-Japan reference system. A system de-
veloped for certain antigens may sacrifice some
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other antigen activities. Therefore, several
systems, including the phenol extraction de-
co"Ib. d by \\', yne (1971) f. " n. n-p". rein an-
tigens, are required for serological comparison
of mycobacterial species. A set of stable,
well characterized reference antigens will be
useful in developing a simpler method for
taxonomical identification of mycobacteria than
the conventional methods, which are intended
to have as many antigens as possible in one
reference system.

Using the systen\ described in this report,
we are now examining whether , precipi-
tinogen is species-specific for A1. tbc by testing
various SPCcies of mycobacteria Including M
hours, The results will be published else-
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